Abstract The objective of this study is to describe the utilization of prenatal care in American Samoan women and to identify socio-demographic predictors of inadequate prenatal care utilization. Using data from prenatal clinic records, women (n = 692) were categorized according to the adequacy of prenatal care utilization index as having received adequate plus, adequate, intermediate or inadequate prenatal care during their pregnancy. Categorical socio-demographic predictors of the timing of initiation of prenatal care (week of gestation) and the adequacy of received services were identified using one way analysis of variance and independent samples t tests. Between 2001 and 2008 85.4 % of women received inadequate prenatal care. Parity (P = 0.02), maternal unemployment (P = 0.03), and both parents being unemployed (P = 0.03) were negatively associated with the timing of prenatal care initiation. Giving birth in 2007-2008, after a prenatal care incentive scheme had been introduced in the major hospital, was associated with earlier initiation of prenatal care (20.75 vs. 25.12 weeks; P \ 0.01) and improved adequacy of received services (95.04 vs. 83.8 %; P = 0.02). The poor prenatal care utilization in American Samoa is a major concern. Improving healthcare accessibility will be key in encouraging women to attend prenatal care. The significant improvements in the adequacy of prenatal care seen in [2007][2008] suggest that the prenatal care incentive program implemented in 2006 may be a very positive step toward addressing issues of prenatal care utilization in this population.
Background
Ensuring that pregnant women have universal and timely access to quality prenatal care is a global public health priority as indicated by Millennium Development Goal #5 [1] . An optimal program of pre-delivery care usually consists of medical screening, physical and ultrasound exams, education and counseling and, if necessary, assistance with social services [2] .
Despite a global focus on the universal provision of prenatal care there are well recognized disparities in prenatal care utilization and consequently in maternal and child health outcomes. Almost all maternal deaths (99 %) occur in low and middle income countries (LMIC) [3] . While it is well documented that women in LMIC tend to access prenatal care late and attend an insufficient amount of appointments, the reasons for poor utilization vary widely and may be closely intertwined with local culture or local healthcare infrastructure. Socio-demographic risk factors for insufficient prenatal care that have been consistently identified in LMIC include young maternal age, low educational attainment, high birth order, being unmarried, and having insufficient income [4] . Accurate assessment of prenatal care utilization and the associated barriers to its access is the critical first step in the development of targeted public health programs to improve prenatal care access overall and in at risk groups [5] .
American Samoa is an unincorporated island territory of the US which lies *2,400 miles Southwest of Hawaii and has a population of 54,947, predominantly made up of native Samoans who are recognized as US nationals [6] . Fifty-eight percent of families have incomes below the US poverty level [7] . American Samoa faces very similar issues with provision of healthcare as other low-middle income island populations, particularly other Pacific island nations, who face unique issues of healthcare supply and demand, consistency of service provision and outward migration of healthcare professionals [8, 9] . As such, American Samoa is considered both a medically underserved area and a healthcare professional shortage area [10] .
Among pregnant Samoan women in New Zealand late initiation of prenatal care is common and is associated with high parity, low educational attainment, and pre-pregnancy unemployment [11] . The aim of this paper is to describe the utilization of prenatal care in American Samoa and to identify socio-demographic predictors of inadequate prenatal care utilization. The TFHC is a community health center which serves approximately 20,858 residents in Tualauata County [12] . The clinic provides prenatal services for low risk pregnancies until the last month of pregnancy. LBJ, the only full service hospital on the island, also provides prenatal care to low risk pregnancies, all high risk pregnancies, and all women in the last month of their pregnancy. Every women whose records were available for review delivered their infant at LBJ where approximately 97 % of the *1,300 deliveries per year in American Samoa occur.
Of these women, 692 were Samoan (self-reported), had singleton births and complete data on their prenatal care, delivery, and infant outcomes. The postnatal growth of their infants is described elsewhere [13] . Clinic records were reviewed to determine the week of gestation at the woman's first prenatal care visit, the total number of prenatal care visits they attended, and the length of their gestation in addition to various socio-demographic characteristics of the women and their partners. All data collection procedures were approved by the appropriate institutional review boards at Brown University and the American Samoa Department of Health.
Socio-demographic Characteristics
All of the socio-demographic characteristics of the mother and father available in the prenatal care records were utilized in this analysis. Women were classified as primiparous or having \4 or C4 children [based on the midpoint of the sample range (0-8)]. Age, educational attainment and employment status of both the mother and the father were included in analysis. Employment status was divided into four categories: unemployed, managerial positions, manual labor and farming, reflecting standard categorizations of this population. Maternal marital status was dichotomized into single (single, separated, divorced or widowed) or married/ cohabiting. A parental employment variable was created to describe whether one or both of the parents were employed.
Year of Delivery
Year of delivery was recorded and included in the analysis based on the fact that in 2006 a prenatal care incentive scheme was introduced at LBJ. Year of delivery was dichotomized as pre-introduction of the scheme (deliveries in 2006 or earlier) and post-introduction of the scheme (2007 onward).
Adequacy of Prenatal Care Utilization Index
The adequacy of prenatal care utilization (APNCU) index [4] was used to describe prenatal care. The index reports on two dimensions: the timing of initiation (adequacy of initiation) and the number of visits a woman actually attends in relation to the amount she is expected to attend based on the American college of obstetricans and gynecologists (ACOG) guidelines [14] (adequacy of received services). Within each dimension women were placed into one of four groups based on the adequacy of prenatal care received: adequate plus, adequate, intermediate and inadequate. An index summary variable was also calculated which combined the two dimensions into a single measure of prenatal care adequacy [4] .
Statistical Analysis
Adequacy of received services was compared across initiation categories using a Chi squared test. Because of a lack of variation in the timing of initiation of prenatal care in the study sample, timing of initiation was treated as a continuous variable (reported in weeks) to identify associated socio-demographic predictors. One way Analysis of Variance (ANOVA) (with Bonferroni correction for multiple comparisons) and independent samples t-tests were used to examine associations with categorical predictors. Predictors of the adequacy of received services, expressed as a percentage of expected visits actually attended, were examined in the same way.
Qualitative Data
In 2010, in a separate study, in depth personal interviews were undertaken with 14 pregnant women recruited in the prenatal clinics of the same two locations. Women answered openended questions designed to address barriers to prenatal care: accessibility of care, quality of health care provided, past experiences, and other barriers to prenatal care access. Interviews were conducted by one of the authors (CB) and a trained Samoan interviewer in either English or Samoan according to interviewee's personal preference. Interviews conducted in Samoan were translated before transcription. The complete findings of this study are described elsewhere [15] but representative quotes from these interviews are included in the discussion section of this manuscript to anecdotally support the quantitative data from the prenatal clinic records.
Results

Sample Characteristics
Of the women included in the study sample, 135 were primiparous (19.5 %) while 189 (27.3 %) had delivered four or more infants ( Table 1 ). The average week of gestation at which women attended their first prenatal visit was 24.74 (±7.80) weeks and the average number of prenatal care visits attended was 6.60 (±3.47).
Adequacy of Prenatal Care Utilization
More than half of the sample (50.6 %) received inadequate prenatal care based on initiation, only attending their first prenatal visit in the seventh month of pregnancy or later ( Table 2) . Adequacy of received services once prenatal care was initiated was substantially better with 56.5 % of women receiving adequate or adequate plus care. The summary APNCU index shows that, based on both initiation and received services, 85.4 % of the sample received inadequate prenatal care. Adequacy of received services was not associated with the timing of prenatal care initiation ( Fig. 1) . The variables of interest are italicized Significant predictors of the timing of prenatal care initiation were parity, maternal occupation and the combined employment status of both parents (Table 3) . Parity was negatively associated with prenatal care initiation with women who had delivered four or more infants initiating prenatal care more than 2 weeks later than primiparous women (25.81 vs. 23.39 weeks, P = 0.02). Unemployment was associated with later prenatal care initiation; women who were unemployed accessed prenatal care significantly later than their peers who were employed in management, professional or sales occupations (P = 0.04). Having a partner who was also unemployed further delayed the initiation of prenatal care. Women in this situation accessed prenatal care more than 4 weeks later than women who were employed themselves and also had an employed partner (27.61 vs. 23.50 weeks; P = 0.03).
Year of Delivery
The year in which a woman delivered her infant was associated with both the initiation of prenatal care and the adequacy of received services. Women who delivered in 2007 or 2008 after the introduction of the prenatal incentive scheme accessed prenatal care significantly earlier than women who delivered before the scheme began (P \ 0.01) and attended a significantly greater percentage of their expected appointments (95.04 vs. 83.80 %, P = 0.02) (Fig. 2) .
Discussion
This study suggests that between 2001 and 2008 the utilization of prenatal care in American Samoa was poor, with 85.4 % of the sample classified as receiving inadequate care based on a combination of the timing of initiation of prenatal care and the adequacy of received services after initiation. Data from the US pregnancy risk assessment and monitoring system (PRAMS) suggests that approximately 80 % of women initiate prenatal care in the first trimester [16] . With only 8.5 % of women accessing first trimester care in American Samoa the urgent need for improvement is clear. Despite their late initiation of prenatal care the qualitative interviews conducted with women in the prenatal clinics suggest that knowledge of the importance of prenatal care is ubiquitous among Samoan women. Women reflected that ''Prenatal care is so important for a healthy baby and for us'' and stressed that ''…It's very, very important. You know for the sake of the mom and the baby. For the safety of the unborn….'' Even so, prenatal care access was late and sporadic. Some of the socio-demographic predictors of prenatal care adequacy give an insight as to the barriers to adequate prenatal care utilization in this setting.
Potential Barriers to Adequate Prenatal Care Utilization
Parity
In a recent systematic review of factors affecting the utilization of prenatal care in LMIC, parity was negatively associated with adequacy of prenatal care [17] . In those studies, and in this sample, this association may reflect the fact that multiparous women who have had previous positive experiences of pregnancy may feel more confident having been through pregnancy several times before or may feel that they have already heard all of the advice that healthcare professionals have to offer. Alternatively, women who had a previous negative experience with pregnancy, delivery, or in their interactions with healthcare providers may not have wanted to go back in subsequent pregnancies [18] . Multiparous women may also be likely to face time pressures associated with already having multiple children or issues with childcare arrangements for while they attend appointments. Large families in particular may have very limited family resources meaning that the cost of prenatal care is not prioritized.
Unemployment
Unemployment was a significant barrier to adequate prenatal care utilization in this study and also in many other studies [17] . While unemployed mothers may not face the same pressure on their time as women who are employed they are more likely to have very limited resources. Indeed, when asked about barriers to accessing prenatal care resources and income were frequently mentioned by Samoan women: ''I think it all depends on the resources that you have, in order to get here or to pay for it. I think that's a major problem for some, but not for me right now.''
Other Potential Barriers to Prenatal Care
As the information presented here was based upon antenatal clinic records only the available socio-demographic variables could be explored and there may be many Main effects significant: * P \ 0.05; ** P \ 0.01 alternative explanations as to why these American Samoan women were not adequately utilizing prenatal care. Early recognition of pregnancy, which is associated with improved timing of prenatal care visits [16] , may not be common or, as some women expressed in the in-depth surveys there may be hesitance to attend based on a lack of knowledge and anxiety about what prenatal care entails: [Being translated from Samoan]: ''she says that she was so scared to come into do her prenatal care that she waited a while to come in''. In other studies, wantedness of the pregnancy is also a significant predictor of prenatal care adequacy [19, 20] . American Samoa, like many other developing populations, particularly island populations, experiences issues with its healthcare infrastructure: interruptions in service based on supply of medications or power [21] , a lack of qualified healthcare professionals, which is a particular issue in the Pacific Islands [9, 21] , and problems with central location of their main healthcare facilities when large proportions of the population live in remote areas [22] . A common theme relating to this among the qualitative interviews was lack of car ownership and the need to rely on buses: ''I couldn't come because of the transportation, you know the buses. Most of the women, they don't have their own ride or car so they have to catch the bus to come into their checkups, their follow ups. So maybe that's a hard thing…''. Similarly, having to wait a long time for appointments because of a lack of doctors was a recurring theme of the qualitative surveys: ''I mean sometimes you have to wait really long. If you come earlier, we have to wait like 45 min'', ''Yeah, it [prenatal care] is accessible, the only problem is there are not enough doctors. So like waiting periods you know… People who come early you know, they are waiting so long''.
Data from the US suggests that inadequate prenatal care utilization is not confined to Samoans in the island nations, but it is also a health risk behavior that remains among migrant Samoan communities. Data from the US Department of Health and Human Services states that nearly 52 % of Samoan women do not begin prenatal care in the first trimester; a far greater proportion than in any other racial or ethnic group [23] . In Utah, where there is a particularly large Pacific Island community, 52.7 % of Pacific Island women received inadequate care based on the APNCU index compared to 18.6 % of all Utahns [24] . These adequacy reports may be a reflection of the socio-economic position of Pacific Islanders among their communities, however it suggests that perhaps unique cultural beliefs around prenatal care utilization should be given attention in future research.
Attempts to Improve Prenatal Care Utilization in American Samoa
The year of delivery was significantly associated with both the timing of initiation and the adequacy of received prenatal services after initiation, with both the timing of initiation and the adequacy of received services improved in 2007-2008 versus earlier years. This finding likely reflects several attempts by the American Samoan Medical Center Authority, which operates the LBJ Hospital, and the Department of Health to improve prenatal care utilization. Importantly, in 2006 LBJ introduced a prenatal care incentive scheme. In its design the program addresses both dimensions of prenatal care utilization. Women qualify for the program if they attend their first prenatal care visit before the end of the first trimester and agree to attend at least 80 % of all prenatal care appointments thereafter. In return, women receive free medical services at LBJ's OB/ GYN clinic, two free ultrasound scans and two nights of free care in labor and delivery. With current prenatal care costs high, particularly for the uninsured, the prenatal program offers a significant monetary incentive for taking early advantage of prenatal care. Interviews with Samoan women in 2010 indicated that there was widespread knowledge of the program. When asked about who advised her about receiving prenatal care one woman responded ''…Mostly my sisters at home, they talk to me about the prenatal program. They said that I have to register within three months'', she goes on to say ''…if I give birth there will be no bill, no fees, or in the labor room and the delivery room. There will be no fees for that. Even for my like, appointments… they give you a pass for seeing the doctor.'' The improved utilization of prenatal care in 2007-2008 speaks to the early efficacy of this program but continued long-term monitoring and research quality evaluation are needed to confirm its success. Since these data were collected in 2008 there have also been significant changes to the healthcare infrastructure in American Samoa, which should have further positive impacts on prenatal care utilization. The opening of two additional community health centers in the villages of Amouli and Leone in 2009 made prenatal care more accessible to residents of the Eastern and Western Districts which had previously been underserved communities. Prenatal care is now available at a clinic within a 1 h bus ride from any point on the island [25] . At the Tafuna clinic an afterhours program was introduced and staffed by a nurse practitioner, allowing women to come in after 4 pm for prenatal care. Additionally, federally supported women, infants, and children (WIC) program offices were re-located into the Amouli and Leone community health centers in 2010 making it easier for women to register for prenatal care and WIC benefits simultaneously. Another WIC office will be moved into the Tafuna clinic in 2013. Again, future research to understand the impact of these programs on prenatal care utilization is necessary. Understanding what population groups benefited from these changes will allow further targeting and elaboration of such programs.
Importance of Prenatal Care in this Setting
Universal access to prenatal care is important to protect the health of both mother and infant [14] . A unique feature of the Samoan population, which is pertinent in the discussion of prenatal care provision, is the ubiquitous nature of overweight and obesity in women of childbearing age. In 2002, more than 76 % of women of childbearing age (25-34 years) were obese (BMI [ 32 kg/m 2 ) [26] . The prenatal care records reviewed here did not include prepregnancy BMI so we cannot comment on this sample specifically but the general levels of overweight and obesity characteristic of this population mean that there may be serious consequences of inadequate prenatal care.
Pacific Island women are known to be at increased risk for acquiring GDM [27] [28] [29] and have higher rates of reoccurrence in subsequent pregnancies [30] . GDM screening should take place at 24-28 weeks gestation with an oral glucose tolerance test to allow for adequate monitoring and management of the condition [31] . Of the women in this sample, 232 (33.5 %) attended their first prenatal care visit after this window and GDM status was not recorded. Overweight and obese women are also those most likely to exceed IOM guidelines for gestational weight gain [32] leading to increased risk of fetal macrosomia, labor abnormalities, postdatism, unscheduled cesarean sections [33] and future obesity risk for the offspring [34] .
Limitations
Our description of prenatal care adequacy in American Samoa and the barriers to prenatal care access has several limitations. The first is that these records were not collected for the specific purpose of investigating prenatal care utilization, therefore the analysis was limited to those sociodemographic variables available. Secondly, because these records were obtained from the prenatal clinic records of women, they do not include any women who received no prenatal care before delivery. Recent reports suggest that approximately 7 % of women in American Samoa receive no prenatal care [25] . These women may have different socio-demographic characteristics from the current study sample and therefore this study does not speak to why women do not access any prenatal care. Thirdly, the AP-NCU index has known limitations. Those women who received 'adequate plus' care based on the number of visits attended may have been those who were at high risk, based on previous pregnancies or pre-existing conditions, and required more frequent monitoring. Fourthly, basing the adequacy of prenatal care received on the timing of initiation and the number of visits attended does not speak to the quality of the prenatal care provided. While women interviewed attested to the quality of prenatal care, interviews were conducted within a private room in the prenatal clinic itself, which may have prevented women expressing their true feelings about the quality of care for risk of their answers being shared with clinic staff and their subsequent care being affected.
Despite these limitations this study has significant strengths. The sample recruited represents a range of sociodemographic characteristics and includes approximately 10 % of the deliveries we would expect to have occurred in American Samoa over the study period. Additionally, the qualitative interviews, despite the fact they were completed some time after the quantitative data collection and likely reflect the opinion of those with access to the prenatal program, appear to support the validity of our findings.
Conclusions
During the period between 2001 and 2008 prenatal care utilization in American Samoa was poor, which is a major concern. Prenatal care utilization was associated with several maternal socio-demographic characteristics which suggest that improving healthcare accessibility will be key in encouraging women to attend prenatal care. The significant improvements in the timing of initation of prenatal care and the utilization of received services seen in 2007-2008 suggest that the prenatal care incentive program implemented at LBJ in 2006 is a very positive step toward addressing issues of prenatal care utilization in this population.
